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(54) Method of driving solid-state imaging device, solid-state imaging device and camera 

the horizontal direction and a normal imaging mode. 



(57) To provide a solid-state imaging device driving 
method, a solid-state imaging device and a camera in 
which the solid-state imaging device is able to operate 
at a high speed without a change of an angle of view 
and without a mixture of colors in a color solid-state irh- 
aging device by reducing an amount of data in the hor- 
izontal direction to 1/2. In a solid-state imaging device 
(1) of a two-dimensional arrangement having a pixel 
comprising a light-receiving accumulation unit (2), a ver- 
tical register (4) or a vertical register (4) having a light- 
receiving function and a horizontal register (6), signal 
electric charges of pixels distant from each other on one 
row are transferred to the horizontal register (6), these 
signal electric charges are mixed within the horizontal 
register (6), and the mixed signal electric charge is 
transferred in the horizontal direction. Further, in the 
color solid-state imaging device (1), signal electric 
charges of pixels of the same color distant from each 
other in the one row are transferred to the horizontal reg- 
ister (6), these signal electric charges are mixed within 
the horizontal register (6), and the mixed signal electric 
charge is transferred in the horizontal direction. Also, a 
transfer gate unit (4A) is disposed between the vertical 
register (4) and the horizontal register (6). In this transfer 
gate unit (4A), there is arranged a solid-state imaging 
clement in which transfer electrodes (15A, 15B) of first 
phase and second phase are alternately disposed at 
every predetermined column of the vertical register (4). 
Then, there is arranged a camera having a switching 
mode for switching a mode in which signal electric 
charges of pixels distant from each other in the one row 
are transferred to the horizontal register (6), the signal 
electric charges are mixed within the horizontal register 
(6) and the mixed signal electric charge is transferred in 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001] The present invention relates to a method of 
driving a solid-state imaging device having a CCD reg- 
ister, a solid-state imaging device and a camera having 
provided with a solid-state imaging device. 

Description of the Related Art 

[0002] The number of pixels in a solid-state Imaging 
device remarkably increases in accordance with a 
progress of recent technologies. 
[0003] As the number of pixels increases as de- 
scribed above, it is strongly desired to having a function 
to reduce the number ot output data in one frame period 
according to the need. 

[0004] As an example of such function, in an electron- 
ic still camera, for example, when a user takes a picture, 
a resolution of a still picture is given a priority so that 
signals of 500 lines are outputted at a speed of 30 
frames/second, for example, from a CCD solid-state im- 
aging device. When a user views an object by an elec- 
tronic viewfinder, a resolution of a real moving picture is 
given a priority so that signals of 250 lines are outputted 
at a speed of 60 frames/second. 

[0005] However, according to the above-mentioned 
method, when a user views an object by an electronic 
viewfinder, signals of remaining 250 lines are useless 
and discarded. 

[0006] Therefore, the inventor or the like has previ- 
ously proposed a solid-state imaging device for obtain- 
ing a signal which results from adding signal charges of 
two pixels distant from each other in the vertical direction 
in a CCD vertical register (see Japanese laid-open pat- 
ent application No. 9-55952); 

[0007] That is, in the above-described solid-state Im- 
aging device, as shown in FIG. 1 , assuming that Q(k) Is 
a signal charge of kth line, then a vertical register pro- 
duces an array of signal charges of Q(k) + Q(k+2), Q 
(k+1 ) + Q(k+3), Q(k-h4) + Q(k+6). Q(k+5) + Q(k+7) ... on 
the same time. 

[0008] Th us, in a CC D solid-state imaging device hav- 
ing a color filter in which two pixels are repeated in the 
vertical direction, it became possible to add signals of 
two pixels at the same accumulation timing without dis- 
charging signals. 

[0009] In the above-mentioned solid-state imaging 
device, it is possible to reduce the number of data in one 
frame by reducing the number of lines in the vertical di- 
rection to 1/2. 

[0010] However, in the square lattice pixel, a balance 
between resolutions in the horizontal and vertical direc- 
tions is deteriorated. 

[0011] Also, if the number of data of one frame is fur- 



ther reduced with application of this method, then sucjfi 
balance becomes worse further. 
[0012] When a CCD solid-state imaging device hav- 
ing 1 300000 pixels of 15 frames/second, for example, 
is operated at 60 frames/second, a resolution in the ver- 
tical direction is reduced to 1/4. 
[0013] For this reason, it becomes necessary to re- 
duce the number of data of one frame by reducing the 
number of data in the horizontal direction to reduce the 
numbers of data in the horizontal and vertical directions. 
[0014] Then, there is considered a method of similarly 
reducing the number of data in the horizontal direction 
with application of the previously-proposed method of 
reducing the number of data in the vertical direction. 
[0015] However, if this vertical direction data reduc- 
tion method is applied to a reduction of data in the hor- 
izontal direction as it is, then as shown by the state in 
which signal charges are being operated as shown in 
FIG. 2, blank packets are produced in a packet PH of a 
horizontal CCD register. Therefore, although the 
number of data in the horizontal direction may be re- 
duced, the number at which the horizontal CCD register 
is driven is not changed. 

[0016] Thus, when the driving frequency of the hori- 
zontal CCD register is made constant, regardless of 
whether or not the reduction of data in the horizontal 
direction is carried out, one horizontal period becomes 
the same. 

[0017] Accordingly, there is not achieved the effect in 
which the frame frequency is increased by reducing the 
number of data. 

[0018] On the other hand, as a method which is used 
at present to reduce data in the horizontal direction, 
there are available two methods of (1) method of dis- 
charging a part of signal charges in the horizontal direc- 
tion at a high speed by a horizontal CCD register and 
(2) method of adding signal charges by a floating diffu- 
sion amplifier. 

[0019] Initially. In the method (1 ) of discharging a part 
of signal charges in the horizontal direction by the hori- 
zontal CCD register, the horizontal CCD register, for ex- 
ample, is driven, signal charges equivalent to 1/2 of the 
number of pixels in the horizontal direction are used as 
output signals from the CCD register, and remaining 1/2 
signal charges are discharged to a drain of the floating 
diffuskjn amplifier unit by driving the horizontal CCD reg- 
ister at a higher frequency. 

[0020] In this method, since the horizontal CCD reg- 
ister should be driven at a higher frequency, a horizontal 
CCD register with a high frequency and an excellent 
transfer efficiency becomes necessary, thereby making 
a design become more difficult. 

[0021] Further, since only electric charges equivalent 
to 1/2 of the number of pixels are used and remaining 
1/2 electric charges are discharged, it Is impossible to 
reduce the number in which the horizontal CCD r gister 
transfers signal charges. This means that the power 
consumption of the horizontal CCD register becomes 
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•twice when a twice frame rate is obtained by discharging 
1/2 electric charges in the horizontal direction, for ex- 
ample. 

[0022] Also, since 1/2 signal charges are discharged, 
an incident light can not be utilized effectively. 
[0023] Then, because 1/2 consecutive pixels in the 
horizontal direction are used, there is then the defect 
that the imaging range in the horizontal direction is re- 
duced to 1/2, thereby resulting in a so-called angle of 
view being reduced to 1/2. 

[0024] Also, according to the method (2) In which sig- 
nal charges are added by the floating diffusion amplifier, 
by reducing the reset frequency of the floating diffusion 
amplifier to 1/2. it is possible for the floating diffusion 
amplifier unit to obtain an output which results from add- 
ing horizontal electric charges of two pixels. 
[0025] However, since the driving frequency of the 
horizontal CCD should be increased twice in order to 
increase the frame rate twice, there is then the defect 
that the power consumption of the horizontal CCD reg- 
ister becomes twice. 

[0026] Also, since the driving frequency of the hori- 
zontal CCD register and the reset frequency of the float- 
ing diffusion amplifier are different from each other, a 
noise caused by a capacitive coupling tends to be mixed 
into the solid-state imaging device. 
[0027] In addition, since the output signal of the pixel 
signal is separated into a first pixel signal and an added 
signal of first and second pixels, a sampling possible 
time due to the output signal being flat is reduced to 
about 1/2. Thus, the conventional solid-state imaging 
device is not suitable as a high-speed solid-state imag- 
ing device. 

SUMMARY OF THE INVENTION 

[0028] In order to solve the above-mentioned prob- 
lem, according to the present invention, there are pro- 
vided a solid-state imaging device driving method, a sol- 
id-state imaging device and a camera in which the solid- 
state imaging device Is able to operate at a high speed 
without a change of an angle of view and without a mix- 
ture of colors in a color solid-state imaging device by 
reducing an amount of data in the horizontal direction to 
1/2. 

[0029] In a solid-state imaging device of a two-dimen- 
sional array having a pixel comprising a light-receiving 
accumulation unll and a vertical register or a vertical reg- 
ister having a light-receiving function and a horizontal 
register, a solid-state imaging device driving method ac- 
cording to the present invention is comprised of the 
steps of transferring signal charges of pixels distant from 
each other on the same row to the horizontal rogistor, 
and mixing the signal charges within the horizontal reg- 
ister and transferring the mixed signal charge in the hor- 
izontal direction. 

[0030] In a color solid-stale imaging device of a two- 
dimensional array having a pixel comprising a light-re- 



ceiving accumulation unit and a vertical register or a ver- 
tical register having a light -receiving function and a hor- 
izontal register, a solid-state imaging device driving 
method according to the present invention is comprised 
5 of the steps of transferring signal charges of pixels of 
the same color distant from each other on the same row 
to the horizontal register, andmixing the signal charges 
within the horizontal register and transferring the mixed 
signal charge in the horizontal direction. 
10 [0031] A solid state imaging device according to the 
present invention Is arranged such that a transfer gate 
unit is disposed between a vertical register and a hori- 
zontal register and in the transfer gate unit transfer elec- 
trodes of first phase and second phase are alternately 
disposed at every predetermined column of the vertical 
register. 

[0032] A camera according to the present invention is 
formed by a switching mode for switching a mode in 
which signal charges of pixels distant from e^ch other 
on the same row are transferred to a horizontal register, 
the signal charges are mixed within the horizontal reg- 
ister and the mixed signal charge is transferred in the 
horizontal direction and a normal imaging mode. 
[0033] According to the above-mentioned solid-state 
imaging device driving method of the present invention, 
since signal electric charges of pixels distant from each 
other on the same row are transferred to the horizontal 
register, the signal electric charges are mixed within the 
horizontal register and the mixed signal electric charge 
is transferred in the horizontal direction, it is possible to 
reduce the number of data in the horizontal direction. 
[0034] According to the above-mentioned solid-state 
imaging device driving method of the present Invention, 
since signal electric charges of pixels of the same color 
distant from each other on the same row are transferred 
to the horizontal register, signal electric charges are 
mixed within the horizontal register and the mixed signal 
electric charge is transferred in the horizontal direction, 
the number of data In the horizontal direction may be 
reduced without generating the mixture of colors. 
[0035] According to the above-mentioned solid-state 
imaging element of the present invention, since the 
transfer gate unit Includes the transfer electrodes of the 
first and second phases alternately disposed at every 
predetermined column of the vertical register and signal 
electric charges can be separately transferred to the 
horizontal register at every predetermined unit of the 
vertical register, the horizontal register is operated dur- 
ing this period and signal electric charges transferred 
separately may be mixed within the horizontal register. 
[0036] According to the above-mentioned camera of 
the present invention, since this camera has the mode 
in which signal electric charges of pixels distant from 
each other on the same row are transferred to the hor- 
izontal register, the signal electric charges are mixed 
within the horizontal register and the mixed signal elec- 
tric charge Is transferred in the horizontal direction. In 
this mode, the camera can be operated at a speed high- 
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erthan a normal operation speed so that an object may 
be observed through a viewfinder and an imaging range 
may be monitored by using this mode and so on. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0037] 



FIG. 1 is a schematic an-angement diagram of a sol- 
id-state imaging device In which signal electric 
charges distant from each other by two pixels in the 
vertical direction are added; 
FIG. 2 is a diagram showing the states of signal 
electric charges and signal packets during transfer 
operation in the solid-state imaging device of FIG. 1 ; 
FIG. 3 is a schematic arrangement diagram (plan 
view) of a CCD solid-state imaging device accord- 
ing to the present invention; 
FIG. 4 is a plan view showing the layout of a color 
filler used in the color CCD solid-state imaginq de- 
vice of FIG. 3; 

FIG. 5 is a diagram used to explain the manner in 
which colors of respective pixels are arranged in the 
color CCD solid-state imaging device of FIG. 3: 
FIG. 6 IS a plan view of a connected portion of a 
vertical CCD register and a horizontal CCD register 
and a gate electrode in the color CCD solid-state 
imaging device of FIG. 3; 

FIG. 7 is a timing chart of drive pulses applied to 
respective transfer electrodes in the color CCD sol- 
id-state imaging device of FIG. 3; 
FIG. 8 is potential diagrams showing, in its A to C. 
the manner in which electric charges are trans- 
ferred at the timing of FIG. 7 in the cross-section 
taken along the line A - A' and in the cross-section 
taken along the line B - B' in FIG. 6; 
FIG. 9 is potential diagrams showing, in its D and 
E, the manner in which electric charges are trans- 
ferred at the timing of FIG. 5 in the cross-section 
taken along the line A - A' and in the cross-section 
taken along the line B - B' in FIG. 6; 
FIG. 10 is potential diagrams showing, in its F to H. 
the manner in which electric charges are trans- 
ferred at the timing of FIG. 5 the cross-section taken 
along the line A - A- and in the cross-section taken 
along the line B - B* In FIG. 6; 
FIG. 11 is potential diagrams showing, in its I to J 
the manner in which electric charges are trans- 
ferred at the timing of FIG. 5 the cross-section taken 
along the line A - A' and in the cross-section taken 
along the line B - B' in FIG. 6: 
FIG. 12 is diagrams showing the manner in which 
the states of signal electric charges and signal 
packets are changed at the timing of FIG. 7. in which 
A IS a state obtained at a time til, and B is a state 
obtained at a time t1 2; 

FIG. 13 is diagrams showing the manner in which 
the states of signal electric charges and signal 
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packets are changed at the timing of FIG. 7, in which 
CIS a state obtained at a time t1 3, D is a state ob- 
tained at a time t14 and E is a state obtained at a 
timet15; 

FIG. 14 is diagram showing the manner in which the 
states of signal electric charges and signal packets 
are changed at the timing of FIG. 7, in which F is a 
state obtained at a time t21, G is a state obtained 
at a time t22 and H is a state obtained at a time t23; 
FIG. 15 is diagrams showing the manner In which 
the states of signal electric charges and signal 
packets are changed at the timing of FIG. 7, in which 
I is a state obtained at a time t24, and J is a state 
obtained at a time t25; 

FIG. 16 is a diagram used to explain a bayer ar- 
rangement; 

FIG. 1 7 is a diagram showing the states of the signal 
electric charges and signal packets obtained at a 
time til of FIG. 7 in the embodiment in which signal 
charges in the vertical direction are added; 
FIG. 1 8 is a diagram showing the states of the signal 
electric charges and signal packets obtained at a 
time t25 of FIG. 7 in the embodiment in which signal 
charges in the vertical direction are added; and 
FIG. 19 is a schematic arrangement diagram (circuit 
block diagram) of a camera according to an embod- 
iment of the present invention, 

DESCRIPTION OF THE PREFERRED 
EfulBODIMENTS 
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[0038] According to the present invention, in a solid- 
state imaging device of a two-dimensional array having 
a pixel comprising a light -receiving accumulation unit 
and a vertical register (interline transfer type or frame 
interline transfertype) or a vertical register (frame trans- 
fer type) having a light-receiving function and a horizon- 
tal register, there is provided a solid-state imaging de- 
vice driving method which is comprised of the steps of 
transferring signal charges of pixels distant from each 
other on the same row to the horizontal register, and 
mixing the signal charges within the horizontal register 
and transferring the mixed signal charge in the horizon- 
tal direction. 

[0039] Also, according to the present invention, in the 
above-mentioned solid-state imaging device driving 
method, after the signal charges of pixels distant from 
each other on the same row are separately transferred 
from the vertical register to the horizontal register and 
one signal charge is transferred to the horizontal regis- 
ter, the one signal charge is transferred within the hori- 
zontal register and the other signal charge is transferred 
to the horizontal register, in which the signal charges arc 
mixed. 

[0040] Also, according to the present invention, in the 
above-mentioned solid-state imaging device driving 
method, when the signal charges of pixels distant from 
each other on the same row are transferred from the 
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A/ertical register to th horizontal register, th signal 
charges are transferr d at every vertical register of ad- 
jacent predetermined column. 

[0041] According to the present invention, in a color 
solid-state imaging device of a two-dimensional array 
having a pixel comprising a light-receiving accumulation 
unit and a vertical register or a vertical register having 
a fight-receiving function and a horizontal register, there 
is provided a solid-state imaging device driving method 
which is comprised of the steps of transferring signal 
charges of pixels of the same color distant from each 
other on the same row to the horizontal register, and 
mixing the signal charges within the horizontal register 
and transferring the mixed signal charge in the horizon- 
tal direction. 

[0042] According to the present invention, there is 
provided a solid state imaging device being arranged 
such that a transfer gate unit is disposed between a ver- 
tical register and a horizontal register and in the transfer 
gate unit transler electrodes of first phase and second 
phase are alternately disposed at every predetermined 
column of the vertical register. 

[0043] According to the present invention, there is 
provided a camera formed by a switching mode for 
switching a mode In which signal charges of pixels dis- 
tant from each other on the same row are transferred to 
a horizontal register, the signal charges are mixed within 
the horizontal register and the mixed signal charge is 
transferred in the horizontal direction and a normal im- 
aging mode. 

[0044] FIG. 3 is a plan view showing a schematic ar- 
rangement of a color CCD solid-state innaging device 
according to an embodiment of the present invention. 
FIG. 3 shows the case in which the present invention is 
applied to a color CCD solid-state imaging device of an 
interiine transfer type. 

[0045] In this color CCD solid-state imaging device 1 . 
each pixel includes a photodiode 2. a vertical CCD reg- 
ister 4 and a read-out gate 3 for controlling the photodi- 
ode and the vertical CCD register. The whole of pixels 
comprises an imaging region 5. A vertical CCD register 
extended portion 4A is disposed between the imaging 
region 5 and a horizontal CCD register 6. This extended 
portion is treated by a light-shielding process and has a 
function to transfer signal electric charges between the 
vertical CCD register 4 and the horizontal CCD register 
6. 

[0046] Incidentally, the extended region of the vertical 
CCD register 4 may be enlarged and served as a frame 
interiine transfer type CCD solid-state imaging device. 
[0047] Then, a color filter 10 shown in FIG. 4, for ex- 
ample, is disposed on respective pixels and three light 
signals of rod, blue, green arc obtained through this 
color filter., thereby resulting in the color CCD solid-state 
imaging device 1 being arranged. 
[0048] In this color filter 10, color filters of odd col- 
umns are all green G. Color filters of even column are 
color filters of red R and blue B which are alternately 



disposed at every period of two pixels. The color ar- 
rangement of each even column is the same. That is, 
the arrangement has the cycle of every two pixels in the 
horizontal direction and the cycle of every two pixels in 

s the vertical direction. 

[0049] FIG. 5 schematically shows the arrangement 
in which the respective pixels are sectioned to three 
colors by the arrangement of this color filter 10. Refer- 
ence numerals G11, G13. ... R12, R14, ... B22.B24 ... 

10 denote respective pixels, G. R, B denote colors of color 
filters, and affixed numerals denote the layout in which 
pixels are disposed on the row and the column. That is, 
reference numeral G13 denote a pixel having a green 
G filter arranged at the first row and the third column. 

IS [0050] Further, FIG. 6 shows a plan view of a connect- 
ed portion of the vertical CCD register and the horizontal 
CCD register and a gate electrode. FIG. 6 shows a part 
of the vertical CCD register extended region 4A and a 
part of the horizontal CCD register 6 In FIG. 3>s 

20 [0051] Numeral 1, 2, 3, 4 affixed to the upper portions 
of the vertical CCD registers correspond to the arrange- 
ment of the columns in FIG. 3. That is, the vertical CCD 
register 4 on the first column in FIG. 6 shows the vertical 
CCD register connected to the pixels of the pixels Gil , 

2S G21, G31 ... of the first column in FIG. 3. 

[0052] In FIG. 6, the driving system of the vertical 
CCD register 4 is of a three-phase driving and drive puls- 
es are represented by reference numerals (frVI , <t>V2, 
0V3. 

30 [0053] Then, the drive pulse (1)\/1 is applied 1o a first 
vertical transfer electrode 11. the drive pulse <J)V2 is ap- 
plied to a second vertical transfer electrode 12, and the 
drive pulse (t)V3 is applied to a third vertical transfer elec- 
trode 1 3, respectively. 

35 [0054] The horizontal CCD register 6 is of a two- 
phase driving which is available generally. Drive pulses 
are represented by reference symbols <t)H1, <()H2, and 
horizontal transfer electrodes corresponding to the re- 
spective drive pulses are represented by HI, H2. 

40 [0055] The horizontal transfer electrodes H1, H2 of 
the horizontal CCD register 6 are composed of a third 
polycrystalline silicon layer and a second polycrystalline 
silicon layer from the front of the horizontal transfer di- 
rection, respectively. Horizontal transfer electrodes 

4S formed of second layer polycrystalline silicon layer are 
served as storage electrodes His. H2s, regions corre- 
sponding to the storage electrodes His, H2s are served 
as accumulation regions, horizontal transfer electrodes 
formed of third layer polycrystalline silicon layer are 

so served as transfer electrodes Hit, h2t, and regions cor- 
responding to the transfer electrodes Hit, H2t are served 
as barrier regions. 

[0056] Special transfer electrodes ISA, 15B arc pro- 
vided on the vertical CCD register extended portion 4 A 
55 at its portion adjacent to the horizontal CCD register 6. 
The two transfer electrodes ISA, 1SB are disposed in 
such a manner that the positions of the two transfer elec- 
trodes 1 5A. 1 SB are replaced with each other at every 
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two columns. Drive pulses <t)VA and <^\J& are applied to 
these two transfer electrodes, respectively. Thus, with 
respect to adjacent two colunnns (4n - 3 columns and 4n 
- 2 columns; n is a natural number) and other two col- 
umns (4n - 1 column and 4n columns) in one cycle of 
four columns, the transfers from the vertical CCD regis- 
ter 4 to the horizontal CCD register 6 nnay be controlled 
separately. 

[0057] Incidentally, these twotransfer electrodes 1 5A, 
1 5B are each comprised of two portions having different 
potentials although not shown. A portion on the horizon- 
tal CCD register 6 side has a deep potential, and a por- 
tion on the opposite side has a shallow potential. 
[0058] As a method of providing different potentials, 
there may be adopted well-know conventional methods 
such as a method of changing impurity concentration in 
the CCD register under the transfer electrode: a method 
of providing gate insulating films having different thick- 
nesses under the transfer electrode and so on. 
[0059] Also, in FIG. 6, reference numeral 14 denotes 
a channel stop which separates the portion between the 
vertical CCD registers of respective columns. 
[0060] A fixed voltage Vq^ is applied to the portion 
between the extended portion 4A of the vertical CCD 
register 4 and the horizontal CCD register 6 thereby to 
adjust the flow of signal electric charges to the horizontal 
CCD register 6. Instead of this fixed voltage Vjx:. there 
may be applied a pulse-like voltage. 
[0061] FIG. 5 shows a timing chart with respect to the 
drive pulses <|>V1 . ct)V3. (frVA, <I>VB, tj^HI . (t>H2 applied 
to the respective transfer electrodes. 
[0062] FIG. 7 comprises two vertical transfer. periods 
V-, , V2 and two horizontal register electric charge mixing 
periods HMi, HM2. Other period of time comprises a 
horizontal transfer period H in which signal electric 
charges are transferred in the horizontal CCD register. 
[0063] FIGS. 8 to 11 are potential diagrams showing 
the manner in which electric charges are transferred at 
the timing of FIG. 7 in A - A* cross-section (first column) 
and B - B* cross-section (third column) of FIG. 6. 
[0064] With respect to the potentials of the regions 
corresponding to the drive pulses (t)VA and <t)VB, due to 
the potential barrier formed by ion implantation such as 
implanting a p-type ion onto one portion (opposite side 
of horizontal CCD register), the potentials are not flat 
but have differences. Owing to the potential difference, 
the two-phase transfer operation may be executed in the 
regions corresponding to these drive pulses <|)VA and 
(t>VB. 

[0065] In FIGS, 8 to 11 , signal electric charges corre- 
sponding to the pixels Gil. R 12, G 13, R14, ... shown in 
FIG. 3 are represented by reference symbols Gil, R12. 
G13, R14, ... similarly. 

[0066] FIGS. 1 2 to 1 6 are diagrams showing the state 
changes of the signal electric charges and the signal 
packets at the timing of FIG. 7. Also in FIGS. 12 to 15, 
signal electric charges corresponding to the pixels Gil , 
R12, G13, R14, ... shown in FIG. 5 are represented by 



reference symbols Gil, R12. G13, R14. similarly. In 
the drawings, reference letter Py denotes a signal pack- 
et of the vertical CCD register 4, reference letter P^^^ 
denotes a signal packet of A region • B region, and ref- 
5 erence letter P^ denotes a signal packet of the horizon- 
tal CCD register 6. 

[0067] An operation of the solid-state imaging device 
according to the above-mentioned embodiment will be 
described with reference to FIGS. 7 to 15. 
10 [0068] Initially, in the timing of FIG. 7, after the first 
vertical transfer period VI is ended, at a time til, signal 
electric charges are accumulated in the region corre- 
sponding to the drive pulse c|>V2 of the vertical CCD reg- 
ister. At the same time, signal electric charges are trans- 
^5 ferred to and accumulated in the region corresponding 
to the drive pulse (frVA in the A - A cross-section of FIG. 
6, and signal electric charges are transferred to and ac- 
cumulated In the region corresponding to the drive pulse 
(|)VB In the B - B* cross-section (see A of FIG. 8 and A 
20 of FIG. 12). 

[0069] In actual practice, at the time til. as shown in A 
of FIG. 8, the potentials of the drive pulses <()VA and (|)VB 
are held at a high level so that a signal electric charge 
corresponding to the pixel Gil is accumulated in a re- 
25 gion (hereinafter referred to as A region) corresponding 
to the drive pulse (t>VA with respect to the A - A' cross- 
section, a signal electric charge corresponding to the 
pixel G13 is accumulated in a region (hereinafter re- 
ferred to as B region) corresponding to the drive pulse 
30 <j)VB with respect to the B - B* cross-section, and signal 
electric charges corresponding to the pixels G21 and 
G23 on the second row are accumulated in the region 
corresponding to the drive pulse (|)V2 closest to the hor- 
izontal CCD register 6. 
35 [0070] In FIGS. 12 to 15. the B regions are shown 
hatched so as to be distinguished from the A regions. 
[0071] Next, at a time t12, although the potential of 
the drive pulse i^VA is maintained at high level, the drive 
pulse ^VB is changed from the high potential to the low 
40 potential. Therefore, as shown in B of FIG. 8 and B of 
FIG. 12, the signal electric charge G13 is transferred 
from the B region to the A region in the B - B* cross- 
section. On the other hand, in the A - A' cross-section, 
the B region becomes a barrier region to hinder signal 
45 electric charges from being transferred. 

[0072] Next, at a time t13, the drive pulse 4)VA Is 
changed from the high potential to the low potential, and 
the drive pulse (|>VB is changed from the low potential to 
the high potential, 
so [0073] Consequently, as shown In C of FIG. 8 and C 
of FIG. 1 3, In the A - A' cross-section, the barrier formed 
by the B region Is lost so that the signal electric charge 
Gil is transferred from tho A region to the B region. 
[0074] On the other hand, in the B - B' cross-section. 
55 the signal electric charge G1 3 is transferred from the A 
region to the horizontal CCD register. 
[0075] Then, between atime t1 3 and a time 1 14, signal 
electric charges are transferred to the horizontal CCD 
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^Vegisl r twice. 

[0076] Consequently, the signal electric charge G13 
is transferred to the accumulation region of the horizon- 
tal register corresponding to the A - A* cross-section 
(see D of FIG. 9 and D of FIG. 1 3 which show the state 
obtained at the time t14). 

[0077] Next, at a time 115, the drive pulse (|)VA is 
changed from the low potential to the high potential, and 
the drive pulse (t>VB is changed from the high potential 
to the low potential. 

[0078] Consequently, as shown in E of FIG. 9 and E 
of FIG. 1 3, in the A - A' cross -sect ion, the signal electric 
charge G11 is transferred from the B region to the hor- 
izontal CCD register, in which it is added to the signal 
electric charge G13 that was accumulated at the pre- 
ceding time tl 4. 

[0079] Subsequently, after the time t15, the drive 
pulse (t>VB Is returned to the high potential. Thereafter, 
until a time t21, the vertical transfer Is executed during 
the second vertical transfer period with the result that, 
as shown in F of FIG. 1 0, the electric charges G21 , G23 
of the second row are moved to the A region and the B 
region, respectively. 

[0080] While the operation in the first column and the 

second column has been described so far, a similar op- 
eration is executed in the second column and the fourth 
column and columns following the fifth column. Thus, 
the layout of signal electric charges is placed in the state 
ofFofFIG. 14. 

[0081] In this state, 1/2 packets of all packets in the 
horizontal register are still blank packets. 
[0082] Then, also at the time t21 to a time t25, as F 
to J of FIGS. 10 to 11 and F to J of FIGS. 14.to 15 show 
the transfer states of signal electric charges, respective- 
ly, operations similar to those of the above-mentioned 
times tl 1 to tl 5 are effected on the signal electric charg- 
es G21, B22, G23. B24, ... of the second row. 
[0083] Incidentally, the signal electric charges G.11, 
G13, R12, R14 are transferred twice by the transfer of 
the horizontal CCD register 6 during a time period rang- 
ing from t23 to 124 (see H of FIG. 14 and 1 of FIG. 15). 
and are transferred to the extended portion of the hori- 
zontal CCD register 6. 

[0084] By this operation, at the time t25, as shown in 
J of FIG. 15, blank packets of the horizontal CCD reg- 
ister 6 are filled with the signal electric charges of the 
second row and utilized effectively. . 
[0085] Also, at the same lime, signals of columns dis- 
tant from each other by two pixels In the horizontal di- 
rection are added and synthesized. 
[0086] Then, in J of FIG. 15, synthesized signals 
G11+G13, R12+R14. G21+G23. B22+B24, ... are out- 
putted into the horizontal CCD register 6, in that order. 
[0087] Accordingly, there is obtained a signal of two 
rows by one horizontal scanning. Thus, when the driving 
frequency of the horizontal CCD register 6 is constant, 
about twice frame rate is obtained by the above-men- 
tioned operation. 



[0088] By the above-mentbned operation, signals of 
columns distant from each other by two pixels in the hor- 
izontal direction may be added and synthesized. Also, 
all signal electric charges of the two rows may be trans- 

s ferred to the horizontal register at the same time point. 
[0089] According to the color CCD solid-state imaging 
device 1 of the above-mentioned embodiment, the sig- 
nal electric charges distant from each other by two pixels 
in the horizontal direction are added and mixed as de- 

10 scribed above, whereby the data rate in the horizontal 
direction may be reduced to 1/2. Thus, the solid-state 
imaging device may be operated at a high speed. 
[0090] Then, since the color filter 10 having the two- 
pixel cycle in the horizontal direction is used, the even- 
nunnbered columns of the pixels of each row and th 
odd-numbered columns of the pixels of each row are the 
filters of the same color. Therefore, even when signal 
electric charges are mixed, it is possible to prevent 
colors from being mixed. ^ 

20 [0091] Since a signal electric charge of j+lth row is 
transferred and mixed into the blank packet which is pro- 
duced when the signal electric charge of the j-th row is 
added and mixed with the signal electric charge by the 
horizontal CCD register 6, it is possible to prevent colors 

^5 of the signal electric charges of the j-tb row and the j+1 th 
row from being mixed. 

[0092] That is, the colors can be prevented from being 
mixed, and the data rate in the horizontal direction can 
be reduced. 

30 [0093] Further, since the blank packet is filled with the 
signal electric charge on the j+lth row, the packets of 
the horizontal CCD register 6 may be utilized effectively, 
and a ratio between the number of data and the hori- 
zontal transfer pulses can be made substantially con- 

35 stant. Also, signal electric charges need not be dis- 
charged, so that all signal electric charges may be uti- 
lized. 

[0094] Also, since the signal electric charges of two 
pixels are added, a sensitivity may be increased as com- 
40 pared with case in which signal electric charges are not 
added. 

[0095] Also, since signals of the whole of the pixels in 
the imaging region 5 may be synthesized, even when 
the number of data in the horizontal direction is reduced 

45 to 1/2, an angle of view is not changed. 

[0096] In order to obtain the same output of the normal 
CCD solid-state imaging device in whfch the number of 
data in Ihe horizontal direction is nol reduced, at the tim- 
ing shown In FIG. 7, the horizontal transfer pulses {})H1 . 

so <|)H2 between the times 1 1 3 and t1 4 may be deleted, and 
the second vertical transfer period V2 and the second 
horizontal register mixing period HM2 (including times 
t21 to t25) following the time tl 5 may be deleted, thereby 
providing the next horizontal transfer period H. 

55 [0097] While the data rate in the horizontal direction 
is set to 1/2 in the above-mentioned embodiment, the 
present invention is not limited thereto, and both of the 
data rate in the vertical direction and the data rate in the 
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horizontal direction may be reduced to 1/2 by a combi- 
nation of the previously-proposed arrangement for re- 
ducing the data rate in the vertical direction to 1/2 and 
the arrangement of the present invention for reducinq 
the data rale in the horizontal direction to 1/2. 
[00981 In this case, the color filter is needed to have 
an arrangement comprising the two-pixel cycle both in 
the horizontal direction and the vertical direction. 
[0099] As a typical arrangement, for example, a color 
niter may be comprised by using a so-called Bayer ar- 
rangement in which a green G is arranged in the oblique 
direction and a blue B and a red R are disposed in re- 
maining pixels as shown in FIG. Morthe like, in addition 
to the arrangement of the color filter 10 shown in FIG 4 
[0100] The manner in which signal electric charges 
are transferred in this case will be described with refer- 
ence to FIGS. 17 and 18. 

[0101] FIGS. 17and18showthemannerinwhlchsig- 
nal electric charges in the vertical direction are added 
immediately after the signal electric charges are read 

[0102] In addition to the above-mentioned arrange- 
ment, by devising the driving timing, it is possible to add 
signal electric charges in the vertical direction in the ex- 
tended portion 4A of the vertical CCD register. 
[01 03] FIG. 1 7 shows the state corresponding to the 
time til of the timing shown in FIG. 7. 
[01 04] On the first row, there are arranged signal elec- 
tric charges G11+G31, R12+R32. G13+G33 
R14+R34, ... which result from adding signal electric 
charges of pixels on the first row and signal electric 
charges of pixels on the third row. On the second row. 
there are arranged signal electric charges G21+G4l' 
B22+B42. G23+ G43. B24+B44. ... which result from 
adding signal electric charges of pixels on the second 
row and signal electric charges of pixels on the fourth 
row. 

[01 05] By transferring signal electric charges similarly 
to FIGS. 8 to 15 from the state in which signal electric 
Charges of two pixels are added, there are obtained sig- 
nal electric charges G15+G17+G35-. G37 which result 
rem adding signal electric charges of 4 pixels and the 

t25 of the timing shown in FIG. 7. thereby making it pos- 
sible to reduce both of the data rate in the vertical direc- 
tion and the data rate in the horizontal direction to 1/2 
[01061 While the present invention has been de- 
scribed so far based on the color arrangement of the 
pixel in the above-mentioned respective embodiments 
the present invention is not limited thereto, and similar 
effects may be achieved even when the color arrange- 
ment of electric charges of the packets within the vertical 
register has a two-column cycle in the horizontal direc- 
tion. 

[0107] Also, while signal electric charges are trans- 
ferred from the vertical CCD register to the horizontal 
CCD register at the two-column unit of the vertical CCD 
register and signal electric charges are transferred by 



the two-phase driving based on the drive pulses <t)VA 
and (jiVB in the extended portion of the vertical CCD reg- 
ister in the above-mentioned respective embodiments, 
the number of columns of the transfer unit and the driv- 
^ ing system in the extended portion of the vertical CCD 
register are not limited thereto and may be changed 
freely. 

[0108] The unit of the transfer from the vertical CCD 
register to the horizontal CCD register may use such a 
unit comprising the constant number of columns of the 
vertical CCD register 

[01091 Then, the transfer electrodes of the extended 
portion of the vertical CCD register are disposed In such 
a manner that the same transfer electrodes may be- 
^5 come continuous at the unit comprising the constant 
number of columns of this transfer 
[0110] Incidentally, it is frequently observed that, if the 
number of columns in this transfer unit increases', then 
. signal electric charges of pixels far distant frorrr^ach 
20 other on the same row are mixed to cause original signal 
electric charges to be mixed to become different consid- 
erably. This is not therefore preferable. The transfer unit 
should preferably be made less than 4 columns. 
[0111] Also, in the color solid-state imaging device, it 
^5 is necessary to prevent colors from being mixed by us- 
ing an integral multiple of the number of pixels of the 
cycle in which the color arrangement is repeated in the 
horizontal direction as the transfer unit. 
[01 1 2] That is. when the color arrangement of the two- 
30 pixel cycle is used like the aforementioned embodi- 
ments, the transfer unit may be a two-column unit or a 
four-column unit, for example. If the color arrangement 
IS of the three-pixel unit, then the transfer unit is a three- 
column unit, for example. 
^5 [0113] Incidentally, the present invention may be ap. 
plied to a single-color solid-state imaging device or a 
black and white solid-state imaging device. In the single- 
color solid-state imaging device or the black and white 
sohd-state imaging device, since there is then no risk 
^0 that colors will be mixed, it is possible to make the 
above-mentioned transfer unit become a one-column 
unit. 

[0114] Also, if the driving in the extended portion 4 A 
of the vertical CCD register is effected in three-phase 
45 driving by three transfer electrodes, tor example, and 
signal electric charges are transferred in the horizontal 
direction each time signal electric charges of one unit 
are transferred to the horizontal CCD register 6, then it 
is possible to reduce the data rate in the horizontal di- 
^0 rection to 1/3. In general, if the extended portk^n is n- 
phase driven by n transfer electrodes, then the data rate 
in the horizontal direction may be reduced to 1/n. How- 
ever, if n increases too much, then the shape and driving 
of the transfer electrode in the extended portion of the 
55 vertical CCD register become complex. 

[0115] The present invention is not limited to the in- 
terline transfer type solid-state imaging device or the 
frame interline transfer type solid-state imaging device 
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•and may be applied to a frame transfer typ solid-slate 
Innaging device in which a vertical CCD register having 
a light-receiving function is used as a pixel. 
[0116] FIG. 19 is a scheniatic diagram showing a 
camera using the solid-state imaging device of the 
alx>ve-mentioned arrangement and its driving method 
according to an emlDodiment of the present invention. 
[0117] In FIG. 19, an incident light from an object is 
focused on the imaging screen of a solid-state imaging 
element 22 by an optical system including a lens 21. As 
the solid-state imaging element 22, there is used a solid- 
state imaging element having an arrangement similar to 
the solid-state imaging element used in the solid-state 
imaging device 1 having the arrangement shown in 
FIGS. 3 and 6 or the like. 

[0118] This solid-state imaging device 22 is driven by 
a driving system 23 based on the aforementioned driv- 
ing method. Then, an output signal from the solid-state 
imaging device 22 is variously processed by a signal 
processing system 24 and outputted as a video signal. 
[Oil 9] Then, if the camera of the above-mentioned ar- 
rangement has the switching mode for switching a high- 
speed operation mode in which signal electric charges 
of pixels distant from each other on the same row are 
transferred to the CCD register, the signal electric charg- 
es are mixed within the horizontal CCD register and the 
mixed signal electric charges are transferred in the hor- 
izontal direction and a normal imaging mode, then when 
a user observes an object through an electronic view- 
finder, an image with a high resolution of a moving pic- 
ture may be obtained at a high speed in response to the 
change of the amount of received light in the high-speed 
operation mode. On the other hand, when a user takes 
a picture, it is possible to increase a resolution of a still 
picture in the normal imaging mode. 
[0120] Incidentally, in the camera of the above-men- 
tioned arrangement, if the output signals from the solid- 
state imaging element 22, e.g. G11+G13, R12+R14, 
G21+G23, B22+B24. ... are rearranged at every row of 
pixels like G11+G13, R12+R14, G15+G17. G21+G23, 
B22+B24, G25+G27, for example, by using a mem- 
ory, then it becomes possible to apply a conventional 
signal processing system to the present camera. If so, 
it is possible to realize a camera which is highly matched 
with a conventional system. 

[0121] The solid-stale imaging device, its driving 
method and the camera according to the present inven- 
tion are not limited to the above-mentioned embodi- 
ments, and may take various arrangements without de- 
parting from the gist of the present Invention. 
[0122] According to the above-mentioned solid-state 
imaging device driving method of the present invention, 
by adding and mixing the signal electric charges distant 
from each other by two pixels In the horizontal direction, 
the data rate In the horizontal dlrectbn may be reduced 
to 1/2. Thus, it is possible to operate the solid-state im- 
aging device at a high speed. 

[0123] Also, since the blank packets that are pro- 



duced in the horizontal register after signal electric 
charges of one row are transferred are filled with signal 
charges of the next row. the packets of the horizontal 
register may be utilized effectively, and the ratio be- 

s tween the number of data and the horizontal transfer 
pulses may be made substantially constant. In addition, 
signal electric charges need not be. discharged, and 
hence all signal electric charges may be used. 
[01 24] Also, since signal electric charges of two pixels 

10 are added, a sensitivity may be increased as compared 
with the case in which signal charges are not added. 
[0125] Further, since the signals of the whole of the 
pixels in the Imaging area are synthesized, even when 
the number of data in the horizontal direction is reduced 

15 to 1/2, an angle of view is not changed. 

[0126] Also, in the color solid-state imaging device, if 
signal electric charges of pixels of the same color distant 
from each other on the same row are transferred to the 
horizontal register, the signal electric charges are mixed 

20 within the horizontal register and the mixed signal elec- 
tric charges are transferred in the horizontal direction, 
then even when signal electric charges are mixed, 
colors may be prevented from being mixed. Accordingly, 
it is possible to reduce the data rate in the horizontal 

25 direction without generating the mixture of colors. 

[0127] According to the above-mentioned solid-state 
imaging device of the present invention, since the trans- 
fer electrodes of the first phase and the second phase 
are alternately disposed at every predetermined column 

30 of the vertical register in the transfer gate unit, signal 
electric charges may be separately transferred to the 
horizontal register at every predetermined column unit 
of the vertical register Therefore, the signal electric 
charges that were separately transferred may be mixed 

35 within the horizontal register by operating the horizontal 
register during this time period. 

[0128] Also, since the camera according to the 
present invention has the switching mode for switching 
the high-speed operatfon mode in which signal electric 

40 charges of pixels distant from each other on the same 
row are transferred to the horizontal register, the signal 
electric charges are mixed within the horizontal register 
and the mixed signal electric charges are transferred in 
the horizontal direction and the normal imaging mode, 

45 when a user observes an object through an electronic 
viewfinder It is possible to obtain an image of a high 
resolution of a moving picture In the high-speed opera- 
tion mode. On the other hand, when the user takes a 
picture, it is possible to increase a resolution of a still 

50 picture in the normal imaging mode. 

[0129] Having described preferred embodiments of 
the present invention with reference to the accompany- 
ing drawings, it is to be understood that the present in- 
vention is not limited to the above-mentioned embodi- 

55 ments and that various changes and modifications can 
be effected therein by one skilled in'the art without de- 
parting from the spirit or scope of the present invention 
as defined in the appended claims. 
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Claims 

1. In a solid-state imaging device comprising a two- 
dimensional arrayed pixel provided with a photo- 
electric conversion unit for photo-electric converting 
an incident light to a signal charge and a vertical 
register for transferring said signal charge or a ver- 
tical register having a photo-electric conversion 
function for transferring a signal charge produced 
by photo-electric converting an incident light and a 
horizontal register for receiving and transferring 
said signal charge transferred by said vertical reg- 
ister, a method of driving a solid-state imaging de- 
vice being characterized by comprising the steps of: 

mixing signal charges of pixels distant from 
each other on one row transferred to said hor- 
izontal register from said vertical register within 
said horizontal register; and 
transferring said mixed signal charge in the hor- 
izontal direction. 

2. A method of driving a solid-state imaging device as 
claimed in claim 1 , characterized in that after said 
signal charges of pixels distant from each other on 
said one row are separately transferred from said 
vertical register to said horizontal register and one 
signal charge is transferred to said horizontal reg- 
ister, said one signal charge is transferred within 
said horizontal register and the other signal charge 
is transferred to said horizontal register, in which 
said signal charges are mixed, 

3. A method of driving a solid-state imaging device as 
claimed in claim 2, characterized in that when said 
signal charges of pixels distant from each other on 
said one row are transferred from said vertical reg- 
ister to said horizontal register, said signal charges 
are transferred at every said vertical register of ad- 
jacent predetermined column. 

4. A method of driving a solid-state imaging device as 
claimed in claim 1 . characterized in that said pixel 
has a color filter thereon and pixels distant from 
each other on said one row are same in color. 

5. In a solid-state imaging element having a photo- 
electric conversion means for photo-electric con- 
verting an incident light to a signal charge and a ver- 
tical transferring means for transferring said signal 
charge in a vertical direction and a horizontal reg- 
ister for receiving and transferring said signal 
charge transferred by said vertical transferring 
means in a horizontal direction, a solid-state imag- 
ing device being characterized in that a transfer 
gate unit Is provided between said vertical transfer- 
ring means and said horizontal register, and trans- 
fer electrode of first and second phase, which form 



said transfer gate unit, are disposed alternately at 
every constant column of said vertical transferring 
means. 

5 6. A camera comprising a solid-state imaging device 
which has a two-dimensional arrayed pixel provided 
with a photo-electric conversion unit for photo-elec- 
tric converting an Incident light to a signal charge 
and a vertical register for transferring said signal 

^0 charge or a vertical register having a photo-electric 
conversion function for transferring a signal charge 
produced and a horizontal register for receiving and 
transferring said signal charge transferred by said 
vertical register, a first mode in which signal charge 

^5 of pixels distant from each other on one row and to 
be transferred from said vertical register to said hor- 
izontal register are mixed within said horizontail reg- 
ister, said mixed signal charge is transferred in a 
horizontal direction and output, and a secondirjode 

20 in which said register charges are separately trans- 
ferred In a horizontal direction as a signal charge of 
each pixel without being mixed within said horizon- 
tal register, said first and second modes being 
switchable. 

25 

7. A camera as claimed in claim 6, wherein said first 
mode is such that said signal charges of pixels dis- 
tant from each other on one row are transferred sep- 
arately from said vertical register to said horizontal 

30 register, after one signal charge is transferred to 
said horizontal register, rt is transferred within said 
horizontal register, the other signal charge is trans- 
ferred to said horizontal register, and said signal 
charges are mixed. 

35 

8. A camera as claimed in claim 7, wherein in said first 
mode, when said signal charges of pixels distant 
from each other on said one row are transferred 
from said vertical register to said horizontal register, 

^0 said signal charges are transferred at every vertical 
register of adjacent constant columns. 

9. A camera as claimed In claim 6, wherein said pixel 
has a color titter thereon and pixels distant from 

^5 each other on said one row are same in color. 



10. A camera as claimed in claim 6, wherein said solid- 
stale imaging device has a transfer gate unit be- 
tween said vertical register and said horizontal reg- 
ister and transfer electrodes of first and second 
phases, which form said transfer gate unit, are al- 
ternately disposed at every constant column of said 
vertical register. 
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